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Introduction

: 1 1 o
» Proton spin structure, s3,,,, =322+ 20+ L+ L

Proton spin puzzle (1988 EMC exp;“iment)

Global analysis, Ag ~ 25%, Q* = 10 GeV% [PRL101:072001,2008]

AG not well constrained by fits to pDIS, g,(x, Q32), at this time
» Polarized p+p collisions for AG measurement

7°, jet , direct photons etc.

double helicity asymmetry (A;;)
Ay, — Oi1 — O1_
O4y T 04
* Inclusive m° at mid-rapidity (|n| < 0.35) is PHENIX main
channel for the determination of AG at this time.




Extracting AG from A, measurements

Za’abac=qa§ag Afa ® A'fb ® Aa- ® Dﬂ-/c
Ea’abaCZQ:aag fa’ ® fb ® a- ® Dﬂ-/c

Fraction of 71 produced :
g+gq
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PHENIX Detector

n’, 1, vy detection

* Electromagnetic Calorimeter (PbSc/PbGl):
* High p; photon trigger to collect n”'s, n’s, y’s
» Acceptance: n|<0.35, ¢=2 x /2
* High granularity (~10*10mrad?)

2008 PHENIX Detector

T/
* Drift Chamber (DC) for Charged Tracks

* Ring Imaging Cherenkov Detector (RICH)
* High p; charged pions (p>4.7 GeV).

Luminosity (Global) Detectors

 Beam Beam Counter (BBC)
* Acceptance: 3.0<n<3.9

e Zero Degree Calorimeter (ZDC)

* Acceptance: £2 mrad about beam axis

ZDC South
-

Side View North
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Cross section results from PHENIX

* 7°, direct y cross section

o NLO PQCD shows agreement with the data

n° @ 200 GeV (PRD76, 051106)

Direct y @ 200 GeV (PRL 98, 012002)

P, (GeV/c)
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Measurement of ©° A

Red : Signal+BG region

» Well developed method wh
o 2003 (PRL 91, 241803) "”i

Blue : BG region

i e

7[,0 pT wBG
2 GeV/c ~20%
5 ~8
10 ~5

» m°yield measurement
5 7 —yy BR ~98.8 %

o Combinatorial BG fraction jam B N .6(;51.5. ?ﬁ.".‘?ﬁf.‘?ﬂ
M (GeV/c))
Wgg = Npg / (Npg + N;)

mZ2, = 2F, FE5(1 — cosb)
* A;; measurement

: : 4:T”+B( W ABG
o signal A;; is corrected for background A, A — ZLL 'BGATT
, 1 —wga
ALL _ J-I—‘l— - i-J:I.-|—— _ ]_ N_|__|_ — RN+_ R _ L_|__|_ BG
o, +o. PgPyN,.+ RN, ’ L,_

o Py, Py (~55%) beam pol. , less than 10 % relative error in Pg.Py
o R :relative luminosity, 6,;; = 2 X 104 in 2005, 7 X 104 in 2006
o N,, (N,_)n°yield with same (opposite) helicity of colliding beams
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n° and n asymmetry results from PHENIX

— GRSV std (AG=0.24)
=== GRSV AG=0
GRSV AG=-1.05
[0 Run-5
® Run-6

ITIII!IIIIIIIIIII

P%Ix Preliminary
—s— 7 data ("05+°06+°09)
——— GRSV-std

GRSV Ag=0

Frp T R

e v v e by e b e e b e b gy
3 4 5 6 7 8 9
p, (GeVic)
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nt, - and y asymmetry results from PHENIX

» Charged pion at 200 GeV ..,

) P PHIENIX

o Favored/Disfavored FF .o mooramnmsos . e 6.
= different qg :3::;5 J 2 b L
contributions for 7% *- m -------------- 'If -------- Jf """""" % """ B — E** ____________________
= access sign of AG B T R S -

}A > AT, = AG >0

L {“: A L {: A i ﬂ'C¥ { 0 ALL{Diim‘ﬂ N Run 5 PHENIX Preliminary

0_4-— PH %ENIX Run 6 PHENIX Preliminary
 Direct photon A;; at 200 GeV ; §

o quark gluon scattering dominates

o clean channel, isolation cut, linear
in AG

o higher statistics needed
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Constraining AG
GRSV PRDG63 (2001) 094005

» Vary AG in GRSV fit, generate A, , calculate y?2 for each
expectation curve, plot profile.

PRL 103, 012003 (2009)

if — Stat Only
* = +AR

.................................

P, (GeVic) x=[0.02,0.3]
AGgpey  (12=4 GeV?)

O y? profile is asymmetric so Ay*> =1 and 9 (1o and 30) are significant

From just the statistical uncertainty :

0.02.0.3 X .
AGRZOS — 02 + 0.1 (10) and 0.2502 (30) o
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Constraining AG : Systematic Uncertainties

PRL 103, 012003 (2009)

".n'_\.G=|;"' "std" (b}
L |le |v|| I B
0.5 1 1.5

AGhmey " (1224 GeV?)
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PDF functional form dependence as a function of x.

Theory energy scales, u (factorization, fragmentation
and renormalization scale) dependence.

Uncertainty in fragmentation functions (DSS, KKP).
Strong coupling constant uncertainty dependence.



Theory Uncertainty: Parameterization

PRL 103, 012003 (2009) * The gluon polarization
distribution as a function of
x from five fits to polarized
DIS data.
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Theory Uncertainty: Energy Scale ()

PRL 103, 012003 (2009)
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Theory Uncertainty: gluon x range

* To get a complete picture of AG, need as wide an x range as
possible.

O We can extend our x coverage towards lower x at \'s = 500 GeV
(Rung) and towards higher x at Vs = 62.4 GeV (Run6)

0.5

Extend to higher x
at Vs = 62.4 Ge

=

Extend to lower x
at Vs = 500 GeV.

<

present (n%)
x-range
Vs = 200 GeV

. . -ﬂ.5_3 1 IIIIIII2 1 III‘”I1 1 I I I
10 10 10 1 6/22/2010




Cross section results from PHENIX
(62 GeV and 500 GeV)

0
™ @ 62.4 GeV(PRD79, 012003) n° @ 500 GeV (2009)
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Extending x range at large x

PRD79, 012003 -

e Run2005 200GeV
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A global analysis approach
(DSSV)
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Input world data

» Data selection:

experiment data data point
type fitted

- : SMC SIDIS, h* 48
semi-inclusive DIS data HERMES SIDIS, At ”
so far only used in DNS fit SIDIS, = .

_ SIDIS, k& 27
I flavor separation COMPASS SIDIS, h* 24

TOTAL: 467
467 data pts in total (10% from RHIC)

Marco Stratmann,
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Parameterization defined at Q2 = 1 GeV?2 for sea quarks

possible nodes
;1:.»"_\.]‘},-(:1?t 1GeV) = N; % (1 - ;1:)-9’,;' {1 + f‘v;\/? + ’}-‘_?-:1?]

input scale

and delta g , simple forms k; = o.
Positivity a basic assumption,

Ac| <o JAfI< S

assumptions on parameters unless data cannot
discriminate,

impose: Qg = Qyuty Qg =05 =037
As = AS
Do afit !!



From A,; to constraining AG
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PDFs results and uncertainties from global analysis
Phys.Rev.Lett.101:072001,2008. 0:3' (8 + &) '0
[T T | T T T : -0.02

005 L p STAR ]
) STAR (prel) ] 0.04

jet . | A ]
A7 0 : o1
— DSSV ] 0.05

005 | == DSSVAy=1 .
| | | :DISIS‘.ir ‘Iﬁx_}lx_=zl% | | | ] r °
10 20 30 002 992 Ayt L mmplm}__— —0.05
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Ignores correlation between x regions.

X!Z _ XZ 4\ Af[a,b]

Splitting the x region, meaningfully, and
constraining these regions simultaneously

X!Z _ XZ 4 AlAf[&’bl] 4 AQAf[bl’b]



Constraining AG — a caveat

» Uncertainty on pol. gluon due to two x ranges:

D.ﬂs T T T T T T T T T T T T T T T T
—~ best i lag1,2=0,0 DG1,2=-0.0322,0.0462 DG=0.014 —— .
c Dehi=1 lag1,2=-12,-20 DG1,2=0.068,0.093 DG=0.161 —=— "
o Dchi?=1 lagT,2=4,20 DG1,2-0.151,-0.011 DG=-0.162 -+,
= 006 .
: 4:-' W)
0
=

0.04

Proper representation of the uncertainty on polarized gluon
distribution requires varying AG in different x-regions
simultaneously.
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Summary and Outlook
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G595 v
*  Baseline

Gy
e )
s i + Endcap -

» The baseline PHENIX detector

covers 0.02<x<0.3
» The vertex detector extends the

reach in x for many of the
measurements and hence adds a

significant amount of overlap in

X-range coverage.
* Gluon spin (AG) with heavy flavor A

» Improved x determination in y-jet A

for AG



Impact on DeltaG
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xAg(x)

—
x
g) 0.04— 2<p <2.5GeV/c N R
S | 4<p <5 GeV/c K R AN
% 0.03[~ ... e<p<12GeVic :_ e, 5
0.02/— -E '-.__'.- "51:><10
x1 v i T

0.01—/s = 200 GeV &

107 1072 10"

 NLO pQCD calculation of x distribution for 3
n° p; bins.
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